AD-A143  964 
UNCLASSIFIED 


FUNCTIONAL  ASSESSHENT  OF  LASER  IRRADIATIONS)  OHIO  1/1 

MESLEVAN  UNIV  DELAWARE  DEPT  OF  PSVCHOLOOV  D  0  ROBBINS 
JUL  80  DAND17-7S-C-S008 

F/G  6/18  NL 


AD- A 143  964 


FUNCTIONAL  ASSESSMENT 

I  OF 

LASER  IRRADIATION 


ANNUAL  PROGRESS  REPORT 


DAVID  0.  ROBBINS 

OHIO  WESEYAN  UNIVERSITY 
Delaware,  OH  43015 

JULY  1980 


U.S.  ARMY  MEDICAL  RESEARCH  AND  DEVELOPMENT  COMMAND 
Fort  Detrick,  MD  21701 


Contract  No.  DAMD-17- 75-C- 5008 


DT 


I 


i 

ELECTE 
AUG  9  1984 


Approved  for  public  release;  distribution  unlimited 


The  findings  In  this  report  are  not  to  be  construed  as 
an  official  Department  of  the  Army  position  unless  so 
designed  by  other  authorized  documents. 

84  08  08  096 


'SECURITY  CLASSIFICATION  OF  THIS  PACK  Data  entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

_,4b.(4/v3  5is 

7.  RECIPIENT'S  CATALOG  NUMBER 

£ _ 

4.  TITUS  SukdUe) 

FUNCTIONAL  ASSESSMENT  OF  LASER  IRRADIATION 

S.  TYPE  OF  REPORT  A  PERIOD  COVERED 

Annual  Progress  Report 
July  1979  -  June  1980 

«.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTMORf«> 

David  0.  Robbins,  Ph.D. 

S.  CONTRACT  OR  GRANT  NUMBERf«> 

DAMD-17-75-C-5088 

>■  PERFORMING  ORGANIZATION  NAME  ANO  AOORESS 

Ohio  Wesleyan  University 

Department  of  Psychology 

Delaware,  OH  43015 

It.  CONTROLLING  OFFICE  NAME  ANO  AOORESS 

US  Army  Medical  Research  &  Development  Command 
Fort  Detrick,  Frederick,  MD  21701 

12.  REPORT  OATS 

July  1980 

11.  NUMBER  OF  PAGES 

18 

14.  MONITORING  AGENCY  NAME  •  AOORESSW  dltterenl  tram  Con  (rolling  Oilier) 

IS.  SECURITY  CLASS,  (at  Me  report) 

is*.  DECL  ASSI  F|C  ATION/  DOWN  GRADING 
SCHEDULE 

IS.  OISTRIEUTION  STATEMENT  (at  Mo  Report) 

Approved  for  public  release;  distribution  unlimited 

•7.  OISTRIEUTION  STATEMENT  (at  Ola  at* tract  entered  la  Alack  20,  It  dlttarant  tram  Ra port) 

IS.  SUPPLEMENTARY  NOTES 

• 

IS.  KEY  WORDS  (Cantlnua  an  teeoroa  alda  It  neeaaaarp  and  Idanlltr  bp  block  number) 

Laser  damage  spectral  sensitivity 

visual  acuity  flash  blindness 

rhesus  monkeys  acquired  color  deficits 

20.  A  RETRACT  fC— t— n  am  roeerea  at*  N  naaeoeaap  and  Idanlltr  bp  Slack  number) 

^  Permanent  functional  alterations  in  visual  acuity  were  observed  with  laser 
exposures  (HeNe,  Krypton  and  Argon)  at  corneal  irradiance  levels  below 
those  previously  reported  using  fundoscoplc  or  fine  histological  criteria. 
The  effects  of  low-level  irradiation  appeared  selective  depending  upon  the 
wavelength  of  the  exposing  source  and  appeared  to  be  cumulative  over  time. 
Monochromatic  as  opposed  to  achromatic  targets  appeared  more  sensitive 
measures  of  minimal  functional  disruptions.  \ 

DO  «  jSTts  M73  corn  oh  or  <  nov  as  is  obsolete 

SECURITY  CL  ASS?  PICA  Trow  OF  THIS  PAGE  f»lw>  Data  entered) 


r' 


RESULTS  . 

DISCUSSION  . 

REFERENCES  . 

LIST  OF  ILLUSTRATIONS 


4 

13 

15 


FIGURE  1  Raw  data  recovery  function 


FIGURE  2  Laser  recovery  following  a  1  mW  exposure  for 

different  monochromatic  targets  .  6 

FIGURE  3  Laser  recovery  following  various  exposure  energies  .  8 

FIGURE  4  Laser  recovery  following  a  6.0  mW  exposure 

for  various  monochromatic  targets  .  9 

FIGURE  5  Pre-  and  postexposure  spectral  sensitivity 

following  Krypton  laser  exposures  . ...  10 

FIGURE  6  Raw  data  recovery  functions  for  three  3.0  mW 

exposures  .  11 

FIGURE  7  Pre-  and  postexposure  spectral  sensitivity 

following  Argon  laser  exposures  .  12 


FIGURE  8 


Postexposure  spectral  acuity  following  Argon 
laser  exposures  . 


13 


Introduction 


Intense  Irradiation  of  the  eye  with  coherent  light  not  only 
alters  retina  morphology  but  also  decreases  visual  performance. 

If  the  Irradiation  level  Is  of  relatively  short  duration 
(<100  msec)  and  Involves  a  significant  portion  of  the  fovea, 
both  normal  color  vision  and  maximum  visual  acuity  are  affected. 

Historically,  the  maximum  permissible  exposure  ( MP E )  to  la¬ 
ser  light  has  been  based  purely  on  morphological  criteria. 
Morphological  assessments  have  Included  gross  fundoscoplc  examina¬ 
tion  of  the  eye  following  acute  exposure  to  Intense  Irradiation 
as  well  as  more  sophisticated  examination  of  the  cellular  layers 
within  Isolated  sections  of  the  exposed  retina.  These  morphologi¬ 
cal  techniques  have  provided  Information  as  to  the  specific  site 
of  primary  damage  as  well  as  the  energy  levels  involved  In  pro¬ 
ducing  such  structural  alterations.  Generally,  however,  single 
exposure  of  relatively  long  duration  and  large  diameter  on  the 
retina  have  been  employed  to  determine  the  MPE.  While  these 
exposure  conditions  may  facilitate  visual  verification  of  the 
Induced  alteration  they  do  not  correspond  to  the  type  of  condi¬ 
tions  under  which  accidental  exposure  may  occur  In  the  field. 

Two  relatively  different  hazards  exist  with  the  employment  of 
lasers.  First  Is  either  the  accidental  or  Intentional  exposure 
to  an  Intense  but  brief  laser  beam  In  the  field.  Associated  with 
this  type  of  exposure  would  be  a  relatively  small  area  of  the 
retina.  The  second  type  of  exposure  Is  the  Intentional  view¬ 
ing  of  presumably  safe  and  low  level  diffuse  Irradiation  over 
relatively  long  time  periods:  days,  weeks,  or  even  months. 

While  morphological  data  have  greatly  contributed  to  the  ANSI 
(American  National  Standards  Institute)  guideline  they  provide  no 
data  regarding  the  degradation  In  visual  performance  following 
exposure  near  to  or  above  the  MPE.  Such  Information  Is  criti¬ 
cal  when  discussing  the  possibility  of  completing  a  visually- 
guided  mission  by  a  person  exposed  either  accidently  or  intention¬ 
ally  to  an  Intense,  short  duration  laser  flash.  Further,  morpholog 
leal  criteria  alone  may  produce  safety  standards  above  those  de¬ 
rived  using  other  types  of  assessments.  Both  behavioral  and 
electrophyslologlcal  criteria  of  light-induced  retina  alterations 
may  reduce  significantly  the  MPE  since  minute  biochemical  and/or 
structural  alterations  association  with  laser  exposure  are  often 
difficult  or  Impossible  to  Identify. 

In  most  behavioral  studies,  like  morphological  studies,  anes¬ 
thesia  Is  usually  required  for  placement  of  specific  retina  lesions 
the  exception  being  those  studies  where  the  entire  retina  Is  chron¬ 
ically  exposed  to  diffuse  laser  light.  Anesthesia,  however. 


eliminates  all  possibilities  of  Immediate  postexposure  acuity 
measurements  for  at  least  24  hoursand  thus  seriously  limits  the 
exploration  of  transient  changes  In  acuity  by  this  method.  The 
Immediate  changes  In  visual  performance  are  critical  both  In 
the  exploration  of  minimal  thresholds  as  well  as  testing  for 
any  cumulative  effects  of  repeated  exposures  to  energies  below 
the  MPE.  In  the  Initial  phases  of  this  contractual  effort,  a 
behavioral  procedure  was  developed  for  producing  consistent 
foveal  retinal  exposures  In  awake,  task-oriented  animals  using 
relatively  small  retinal  spot  sizes.  This  procedure  has  been 
used  along  with  a  modification  of  a  rapid  method  to  measure 
rhesus  visual  acuity  prior  to  and  Immedl ately  following  brief 
exposures  to  laser  exposure. 

In  the  original  protocol,  spot  size  of  the  laser  beam  on 
the  retinal  surface  had  to  be  restricted  to  less  than  200  microns 
due  to  power  limitations  of  conventional  HeNe  laser  sources. 
During  past  project  periods.  Krypton  and  Argon  lasers  were 
used  which  had  an  Increased  power  output  over  standard  HeNe  la¬ 
sers.  These  laser  systems  allowed  for  Increased  spot  sizes  on 
the  retina  of  sufficient  power  densities  to  produce  functional 
alterations  In  visual  performance.  Further,  the  use  of  the  Kryp¬ 
ton  laser  with  a  spectral  output  (647.1  nm)  not  significantly 
different  from  the  HeNe  output  (632.8  nm),  allowed  for  a  direct 
comparison  of  the  effects  of  spot  size  on  the  magnitude  and  dur¬ 
ation  of  the  functional  alteration  without  regard  to  the  wave¬ 
length  of  the  Induced  effects.  The  rationale  for  use  of  larger 
spot  sizes  (In  excess  of  300  microns  diameter)  Is  to  make  the 
results  from  these  functional  explorations  more  compatible  with 
those  of  morphological  studies  underway  In  other  laboratories. 
Large  spot  sizes  facilitate  histological  exploration.  In  addi¬ 
tion,  the  use  of  larger  spot  sizes  In  our  functional  studies 
allows  for  hlstopathologlcal  and  electrophyslologlcal  examina¬ 
tion  of  our  subjects'  retinas  at  Letterman  Army  Institute  of 
Research  following  the  subjects  termination  In  the  behavioral 
portion  of  this  research  program.  A  third  advantage  of  larger 
spot  sizes  Is  that  they  Increase  the  probability  of  a  foveal 
exposure  In  any  given  session  since  a  larger  retinal  area  will 
be  affected.  In  past  studies  we  have  not  found  that  the  sub¬ 
ject  typically  could  "look"  around  the  affected  retinal  area 
and  still  make  the  required  baseline  "photoplc"  discriminations 
(l.e.,  resolve  a  target  of  1.0  min'1  or  less).  If  a  deficit 
was  elicited  in  acuity,  both  the  magnitude  and  duration  of  the 
deficit  suggested  total  foveal  Involvement  occurred  and  any  at¬ 
tempt  to  "look"  around  the  affected  area  resulted  not  In  foveal 
but  rather  parafoveal  or  peripheral  vision.  We  are  currently 
Investigating  along  with  Investigators  at  Letterman  Army  Insti¬ 
tute  of  Research  any  significant  shifts  In  spectral  sensitivity 
following  laser  exposure  to  also  verify  our  assumptions  of  total 
foveal  Involvement.  Larger  spot  sizes  should  also  decrease  the 
probability  of  a  foveal  "miss"  and  Increase  the  magnitude  of  the 
acuity  deficit  elicited. 


In  the  past,  visual  acuity  recovery  functions  were  derived 
using  only  achromatic  targets.  Since  the  area  of  primary  dis¬ 
ruption  Is  In  the  fovea  where  color  vision  predominates,  It  Is 
more  appropriate  to  test  for  alterations  In  visual  acuity  using 
monochromatic  targets  rather  than  achromatic  targets.  The  post¬ 
exposure  spectral  sensitivity  curves  derived  should  better 
delineate  the  overall  consequences  of  laser  exposure  on  visual 
performance  and  perhaps  better  delineate  the  damage  mechanism. 

It  is  more  than  likely  that  certain  types  of  receptor  cells, 
based  on  the  absorption  spectra  of  thel’*  underlying  photopig¬ 
ments,  will  be  affected  more  severely  by  the  specific  wavelength 
of  laser  irradiation  than  will  other  photoreceptors  which  have 
their  peak  absorption  at  opposite  ends  of  the  spectrum  from  the 
exposure  light.  Testing  visual  performance  using  white  light 
backgrounds  will  not  delineate  specifically  these  spectral  ef¬ 
fects  and  will  result  In  functional  thresholds  for  permanent 
damage  at  a  much  higher  energy  level. 

In  the  present  study  we  have  measured  the  Immediate  as  well 
as  long  term  recovery  of  visual  acuity  using  both  chromatic  and 
achromatic  test  targets.  The  long  term  consequences  of  repeated 
low  level  exposures  of  HeNe,  Krypton,  and  Argon  laser  light  was 
also  compared.  Initial  exposures  are  presented  well  below  the 
MPE  and  the  power  density  on  the  retina  Is  then  systematically 
Increased  In  discrete  steps  over  a  period  of  time  until  the  re¬ 
covery  process  is  no  longer  complete.  Recovery  functions  are 
derived  using  a  continuous  assessment  of  the  subject's  acuity 
and  continued  until  total  recovery  Is  maintained  or,  In  the  case 
of  exposures  above  threshold,  until  the  recovery  process  stabi¬ 
lizes.  Several  different  assessments  are  then  made  of  the 
resultant  visual  Impairments.  The  goal  of  this  project  Is  to 
extrapolate  both  the  threshold  retinal  power  densities  and  de¬ 
ficits  In  visual  performance  from  rhesus  to  human.  The  hypoth¬ 
esis  Is  that  receptor  viability  and  recovery  for  the  rhesus  and 
human  are  similar  and  are  only  displaced  along  the  energy  dimen¬ 
sion  because  of  either  differential  pigmentation  or  retinal 
Illumination  for  the  same  external  physical  source. 


Methods 

In  a  previous  paper  we  have  presented  a  method  to  expose 
awake,  task-oriented  rhesus  monkeys  (Robbins,  Zwlck,  &  Holst, 
1974);  a  procedure  necessary  to  record  Immediate  changes  In 
acuity  following  exposure.  Visual  acuity  was  measured  using  con 
ventlonal  black  landolt  rings  against  achromatic  (white)  or 
chromatic  backgrounds.  Rhesus  were  trained  to  press  a  lever 
whenever  a  Landolt  C  was  presented  and  not  to  respond  when  gap¬ 
less  rings  were  preTented.  If  the  subject  failed  to  respond  to 
a  Landolt  £  during  the  2  sec  presentation,  or  If  he  responded  to 
a  gapless  7lng,  he  received  a  brief  electric  shock  which  was  an¬ 
noying  but  not  highly  painful  or  dangerous.  Landolt  £' s  were 
randomly  arranged  within  a  series  of  equally-sized,  glpless 


rings.  Threshold  acuity  measurements  were  obtained  by  a  tracking 
method  which  allowed  the  subject  to  adjust  the  size  of  the  test 
object  about  his  threshold.  All  testing  was  performed  monocular- 
1y  under  photoplc  conditions.  Chromatic  backgrounds  were  equated 
for  equal  numbers  of  quanta. 

Several  different  lasers  (HeNe  -  632.8  nm;  Krypton  -  647.1 
nm;  and  Argon  614.5  nm)  have  served  as  exposure  sources.  The  dia¬ 
meter  of  the  beam  on  the  retina  was  varied  between  150  and  323 
microns  depending  upon  exposure  conditions.  The  beam  was  aligned 
such  that  It  was  coaxial  with  a  line  between  the  artificial  pupil 
and  the  gap  In  a  specified  Landolt  ring  subtending  less  than  1  min 
of  arc.  The  beam  passed  through  a  converging  lens  positioned  such 
that  the  cornea  was  In  the  focal  plane  of  the  lens.  The  animals' 
head  was  also  rigidly  held  In  a  fixed  position  and  fitted  with  an 
opaque  facemask  and  monocular  Iris  diaphragm  so  that  eye  position 
could  be  well  controlled  during  testing.  These  restraints  mini¬ 
mized  the  effects  of  pupillary  changes  and  lateral  head  or  eye 
movements  and  resulted  In  an  Increased  probability  of  foveal  ex¬ 
posures  (75X).  Exposures  of  100  msec  duration  were  made  only  dur¬ 
ing  threshold  discriminations  and  were  triggered  by  the  animal's 
correct  detection  of  his  threshold  Landolt  ring.  Exposures  were 
made  over  power  levels  from  0.3  mW  to  11  mW  measured  at  the  cornea, 
beginning  with  the  lowest  power  level.  No  more  than  one  exposure 
was  made  per  day  and  each  power  level  was  repeated  a  minimum  of  4 
times  for  each  exposure  condition.  Immediately  after  exposure  the 
recovery  of  acuity  was  measured  using  both  achromatic  and  chromatic 
background  targets.  If  the  subject  failed  to  return  to  his  preex¬ 
posure  acuity  level  within  the  2  hr  test  session,  further  exposures 
on  subsequent  days  were  suspended  and  dally  baseline  measures  of 
spectral  and  white  light  acuity  were  obtained. 


Results 

Sample  data  of  threshold  acuity  using  the  tracking  technique 
Is  shown  In  Figure  1.  In  this  session  the  subject  was  exposed  to 
a  7  mW,  150  micron  HeNe  flash  of  100  msec  duration.  The  occurrence 
of  the  exposure  Is  Indicated  In  the  figure  by  an  arrow  (zero  point 
on  the  abscissa).  The  ordinate  Indicates  the  various  sizes  of  the 
gaps  In  presented  Landolt  rings  and  Is  plotted  In  reciprocal  min¬ 
utes  of  arc.  The  order  of  presentation  was  dependent  upon  the  sub¬ 
ject's  response  on  Landolt  ring  trials.  Incorrect  detection  of  the 
Landolt  C,  caused  the  recorder  to  plot  downward  and  corresponded  to 
the  presentation  of  larger  ring  diameters.  The  abscissa  represents 
the  presentation  of  the  Landolt  Cs,  and  correspondl ng  times  (In 
minutes)  for  representative  trials  are  Indicated  relative  to  ex¬ 
posure. 
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Figure  1.  Raw  data  recovery  function. 


Prior  to  exposure,  the  subject's  mean  acuity  under  maximum 
photoplc  conditions  was  1.25  (min  of  arc)"1.  Immediately  follow¬ 
ing  exposure  the  subject's  acuity  to  achromatic  targets  decreased 
59*  to  an  acuity  level  of  0.51.  (min  of  arc)"1  and  full  recovery 
was  complete  within  13  minutes.  The  magnitude  of  the  Initial  de¬ 
ficit  In  visual  acuity  following  exposure  was  Independent  of 
exposure  power.  With  a  larger  retinal  spot  size  of  323  microns, 
a  significantly  greater  Initial  deficit  (69  to  86*)  was  produced 
representing  an  inactivation  of  a  larger  portion  of  the  retinal 
mosaic.  With  chromatic  targets  the  Initial  deficit  In  acuity 
varied  from  0.40  (min  of  arc)"1  for  backgrounds  of  560  nm  to  0.20 
(min  of  arc)"1  for  backgrounds  of  either  640  or  480  nm  but  the 
magnitudes  of  these  deficits  for  any  specific  wavelength  target 
was  also  Independent  of  the  energy  of  the  flash. 

Comparisons  of  the  temporary  effects  of  single-pulsed,  laser 
exposures  (647.1  nm,  1.0  mW,  100  msec)  on  visual  performance  un¬ 
der  different  monochromatic  viewing  conditions  are  shown  In 
Figure  2.  Visual  performance  was  defined  as  the  minimum  perceived 
gap  In  a  landolt  ring  or  threshold  acuity  determined  for  five 


different  background  wavelength  conditions.  All  backgrounds  were 
presented  equated  for  equal  energy  and  the  subject  adjusted  the 
size  of  the  gap  In  a  black  Landolt  ring  about  his  threshold  level. 
Threshold  was  defined  In  the  conventional  way  as  that  minimal  gap 
size  which  was  detected  50  percent  of  the  time.  While  In  the  pro¬ 
cess  of  n»v  •'Ing  these  threshold  observations ,  the  animal  was  ex¬ 
posed  to  a  7.1  nm  flash  that  exposed  a  324  micron  spot  centered 

on  the  fovi  Each  curve  In  this  figure  represents  the  mean  of 
several  exposures  presented  at  a  minimum  of  24  hours  apart. 

Plotted  for  each  background  wavelength  Is  the  mean  percent  de¬ 
ficit  In  visual  acuity,  relative  to  the  pre-exposure  level,  as  a 
function  of  time  following  a  1.0  mW  laser  exposure.  Immediately 
after  exposure  the  subject's  acuity  decreased  to  a  maximum  of  be¬ 
tween  70  to  80  percent  of  the  pre-exposure  level  depending  upon 
the  wavelength  of  the  test  target.  For  the  short  wavelengths 
480  nm  to  520  nm)  the  Initial  deficit  In  visual  acuity  was  greater 
than  those  observed  for  the  Intermediate  and  long  wavelength  re¬ 
gions  of  the  visible  spectrum.  For  the  shortest  presented  back¬ 
ground  wavelength  (480  nm),  not  only  was  the  Initial  deficit  the 
greatest  but  so  also  was  the  total  time  of  recovery.  Minimum 
Initial  deficits  and  the  most  rapid  recovery  times  can  be  noted 
for  the  Intermediate  and  long  wavelength  test  targets. 


minutis  xr Tin  ixnosune 

Figure  2.  Laser  recovery  following  a  1  mW  exposure  for 
different  monochromatic  targets. 
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Changes  In  the  energy  of  the  laser  exposure  produced  little 
overall  differences  in  the  magnitude  of  the  initial  deficits  but 
did  produce  significant  changes  in  both  the  total  time  of 
recovery  and  the  rate  of  recovery  during  the  initial  phases  of 
the  recovery  process.  Representative  recovery  functions  for  560 
nm  test  targets  as  presented  in  Figure  3  for  a  series  of  laser 
flashes  beginning  at  1.0  mW  and  ending  at  6.0  mW.  Similar  to  the 
curves  shown  in  the  previous  figure,  each  curve  in  this  figure 
represents  the  mean  of  several  exposures  at  each  of  these  dif¬ 
ferent  exposure  powers.  For  the  lower  exposure  energies,  the 
total  recovery  was  relatively  fast  and  the  slope  of  the  recovery 
functions  relatively  steep.  8ut  as  the  exposure  energy  was  in¬ 
creased  the  total  time  for  complete  recovery  increased  and  the 
initial  deficit  remained  depressed  longer  before  recovery  more 
gradually  occurred  with  time. 

A  permanent  functional  deficit  in  visual  acuity  was  elic¬ 
ited  following  the  third  exposure  to  a  single-pulsed,  6.0  mW 
flash.  The  deficits  In  visual  acuity  following  each  of  the 
three  separate  exposures  are  shown  in  Figure  4.  Only  one  expo¬ 
sure  was  presented  during  a  test  session  and  the  animal  was  first 
exposed,  at  this  power  level,  to  a  560  nm  test  target.  For  this 
wavelength  and  exposure,  the  subject's  acuity  returned  to  his 
pre-exposure  baseline  level  In  approximately  36  minutes  but  then 
again  became  depressed  during  continued  testing  and  remained  de¬ 
pressed  until  the  end  of  the  test  session.  Visual  acuity  was 
again  tested  the  next  day  and  for  the  following  five  days  without 
any  additional  laser  exposures  and  during  this  time  visual  acuity 
for  various  wavelength  targets  was  consistently  within  one  stand¬ 
ard  deviation  before  any  exposures  were  presented  to  the  subject). 
The  second  6.0  mW  flash  was  presented  on  the  sixth  day  and  recov¬ 
ery  was  followed  using  a  480  nm  test  target.  After  a  slightly 
less  Initial  deficit  in  comparison  to  the  560  nm  test  target,  the 
subject's  performance  returned  to  Its  pre-exposure  level  more 
rapidly  and  full  recovery  was  realized  In  28  minutes.  The  sub¬ 
ject's  acuity  was  examined  for  an  additional  30  minutes  after  full 
recovery  and  his  acuity  level  remained  within  one  standard  devia¬ 
tion  of  his  pre-exposure  baseline  level.  The  following  day  the 
subject  was  exposed  to  the  third  and  final  laser  flash.  The 
changes  In  visual  performance  Immediately  following  exposure  were 
assessed  using  a  640  nm  test  target.  Initially,  the  deficit  in 
visual  acuity  was  much  less  In  magnitude  than  those  elicited  fol¬ 
lowing  the  order  6.0  mW  exposures  but  this  initial  deficit  re¬ 
mained  depressed  longer  before  the  recovery  process  began.  Once 
the  recovery  process  did  begin,  full  recovery  (l.e.,  a  return  to 
pre-exposure  baseline  acuity  levels)  occurred  quickly  and  was 
complete  In  approximately  33  minutes.  Furthermore,  the  subject's 
threshold  acuity  continued  to  rise  above  his  pre-exposure  level 
and  remained  elevated,  though  variable,  for  the  remainder  of  the 
test  session.  The  subject's  visual  acuity,  however  the  next  day 
was  significantly  depressed  and  remained  depressed  for  the  next 
thirty  days  of  post  exposure  testing.  Spectral  response  curves 
were  measured  throughout  this  period  and  representative  curves  are 
shown  In  Figure  4.  Pre-exposure  acuity  was  maximum  at  560  nm  under 
the  photoplc  test  conditions  employed  In  this  study  and  acuity 
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Figure  3.  Laser  recovery  following  various  exposure  energies 


quickly  decreased  beyond  600  nm.  Immediately  after  the  third 
exposure  to  a  single  pulsed,  flash  and  for  the  next  five  days, 
the  entire  acuity  function  was  equally  depressed  across  the 
visible  spectrum.  During  the  next  several  weeks  some  slight 
recovery  was  noted  for  520  nm  and  600  nm  test  targets  al¬ 
though  during  the  entire  course  of  postexposure  testing  acuity 
measured  with  monochromatic  backgrounds  never  returned  to  Its 
pre-exposure  level.  Furthermore,  the  peak  of  the  postexposure 
spectral  response  function  shifted  from  a  maximum  at  560  nm  to 
a  maximum  at  520  nm.  No  significant  shift  In  pre-  and  postex¬ 
posture  acuity  measured  using  white  backgrounds  or  measured 
blnocularly  using  monochromatic  backgrounds  was  noted.  Up  un¬ 
til  the  animal's  unexpected  death,  no  significant  recovery  In 
spectral  acuity  had  taken  place  and  postexposure  achromatic 
acuity  remained  at  Its  pre-exposure  level.  Further  postexpo¬ 
sure  testing  would  have  been  necessary  to  discount  any  long 
term  recovery  process. 

These  results  obtained  with  the  Krypton  laser  (647.1  nm) 
compare  nicely  with  our  previous  data  using  a  HeNe  source 
(632.8  nm).  With  the  632.8  nm  line  our  spot  size  on  the  retina 
was  much  smaller  and  likewise  the  magnitude  of  our  Initial  de¬ 
ficit  was  smaller  suggesting  that  the  larger  spot  diameter  of 
the  647.1  nm  line  brought  Into  Involvement  more  parafoveal  cone 
receptors.  Additionally,  the  threshold  established  for  perma¬ 
nent  functional  damage  In  the  HeNe  study  was  11.0  mW  while  In 
the  Krypton  study,  threshold  occurred  at  6.0  mW.  The  difference 


VISUAL  ACUITY  DEFICIT  (l| 


9 


Figure  4.  Laser  recovery  following  a  6.0  mW  exposure. 


between  these  two  points  may  be  accounted  for  by  the  fact  that 
monochromatic  acuity  targets  are  a  more  sensitive  measure  of 
fovea! ,  hence  cone,  function  than  are  white  light  acuity  tar¬ 
gets.  Achromatic  targets  used  during  postexposure  testing  did 
not  reveal  any  evidence  of  functional  damage  (l.e.,  postexpo¬ 
sure  acuity  was  the  same  as  that  observed  during  pre-exposure 
testing)  although  a  significant  depression  In  postexposure 
acuity  was  noted  for  monochromatic  targets  (see  Figure  5). 

One  subject  was  exposed  to  a  514.5  nm  (Argon)  laser  In¬ 
stead  of  the  647.1  nm  laser  used  In  the  previous  figures.  All 
other  exposure  conditions  were  held  constant.  Pre-exposure 
and  postexposure  acuity  measurements  were  made  using  both 
achromatic  and  monochromatic  background  targets.  In  Figure  6 
the  recovery  functions  for  three  separate  3.0  mW  Argon  exposures 
are  shown.  Postexposure  acuity  In  this  figure  was  measured 
using  achromatic  backgrounds.  Similar  to  the  deficits  noted 
previously  with  Krypton  exposures,  acuity  dropped  immediately  fol 
lowing  exposure  to  approximately  60-80X  of  Its  pre-exposure  level 
The  magnitude  of  this  deficit  was  significantly  greater  than 
those  produced  by  the  smaller-dlameter,  HeNe  exposures.  Little 
differences  were  seen  In  the  magnitude  of  the  Initial  deficit 
for  different  exposure  power  densities.  The  background  of  the 
test  target  used  to  measure  visual  acuity  also  did  not  signifi¬ 
cantly  affect  the  magnitude  of  the  Initial  deficit  although 


440  4fl0  320  360  600  640  680  720 


WAVELENGTH  (NM) 


Figure  5.  Spectral  sensitivity  of  one  rhesus  monkey  before 
and  after  laser  exposure.  The  pre-exposure  spec¬ 
tral  sensitivity  curve  was  measured  over  several 
weeks  of  baseline  testing  before  laser  exposure. 
The  postexposure  spectral  sensitivity  curves  were 
measured  following  the  third  exposure  to  a  6.0  mW 
flash* (100  msec)  from  a  Krypton  laser.  Spot  size 
on  the  retina  was  324  microns. 


generally  short  wavelength  acuity  was  more  affected  both  In  terms 
of  the  magnitude  and  duration  of  the  Initial  deficit  than  either 
Intermediate  or  long  wavelength  acuity  when  514.5  nm  laser  expo¬ 
sures  were  made.  This  differential  susceptibility  of  a  short 
wavelength  process  was  not  as  evident  when  using  Krypton  exposures. 
In  the  top  portion  of  this  figure,  the  recovery  function  for  the 
third  exposure  to  3.0  mW  of  Argon  light  Is  shown.  Recovery  was 
rather  rapid  and  reminiscent  of  recovery  functions  derived  at 
lower  power  levels  for  this  and  other  wavelength  background  tar¬ 
gets.  The  middle  plot  shows  the  recovery  function  for  the  seventh 
exposure  at  that  power  level  and  for  similar  achromatic  background 
targets.  In  the  lower  plot,  the  ninth  and  final  exposure  over  a 
15  day  period  Is  shown  for  the  3.0  mW  exposure  level.  Recovery 
after  the  ninth  exposure  level  was  slower  but  was  complete  approx¬ 
imately  15  minutes  after  exposure. 


Twenty-four  hours  later,  however,  a  significant  deficit  In 
both  achromatic  and  chromatic  acuity  was  noted.  In  Figure  7  pre¬ 
exposure  and  postexposure  spectral  response  curves  are  shown  for 
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Figure  6  Recovery  functions  for  one  subject  following  single, 
3.0  mW  exposures  on  days  2,  6,  and  9  to  a  100  msec 
323  spot  of  514.5  nm  laser  light.  The  background  of 
the  test  target  was  achromatic. 


preselected  background  targets  of  different  wavelengths  equated 
for  equal  numbers  of  quanta.  Generally,  for  the  first  five  days 
postexposure,  spectral  acuity  was  uniformly  depressed  across  the 
entire  spectrum  Including  achromatic  background  targets.  Within 
two  weeks  of  the  last  exposure,  recovery  to  pre-exposure  acuity 
had  been  accomplished  for  560  nm  background  targets  and  to  a 
lesser  degree  for  620  nm  and  white  light  (000)  background  targets 
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Figure  7.  Pre-  and  postexposure  spectral  acuity  for  one 
subject  following  the  ninth  exposure  to  a  3.0 
mW,  514.5  nm  laser  exposure.  All  data  points 
represent  the  mean  of  several  test  sessions 
and  all  background  wavelengths  were  equated 
for  equal  number  of  quanta. 


No  significant  recovery  to  short  wavelength  targets,  however,  was 
seen  one  month  after  exposure.  Almost  two  months  after  exposure 
spectral  acuity  In  the  exposed  eye,  relative  to  the  control  or  un 
exposed  eye,  was  still  significantly  depressed  In  the  short  wave¬ 
length  region  of  the  visible  spectrum  although  at  this  time  no 
significant  long  term  deficits  are  evident  In  the  Intermediate  or 
long  wavelength  region  of  the  spectrum  (see  Figure  8).  Likewise 
postexposure  acuity  to  achromatic  background  targets  returned  to 


pre-exposure  levels  within  45  days  of  exposure. 


This  animal  has  not  received  any  additional  exposures  to 
Argon  Irradiation.  The  subject's  postexposure  spectral  acuity  is 
continually  being  assessed  to  determine  If  any  additional  recov¬ 
ery  will  occur.  During  the  next  proposed  contract  period,  the 
subject's  postexposure  spectral  acuity  will  be  examined  on  a 
weekly  basis  and  depending  upon  the  nature  of  any  additional  re¬ 
covery,  a  decision  will  be  made  regarding  further  exposures  at 
this  or  higher  power  levels. 


Figure  8.  Postexposure  spectral  acuity  In  the  exposed  and 
control  eye  two  months  following  the  ninth  ex¬ 
posure  to  an  3.0  mW,  514.5  nm  flash. 
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Permanent  functional  alterations  associated  with  laser  expo¬ 
sures  occur  at  corneal  Irradlances  below  those  previously  reported 
using  gross  fundoscoplc  or  fine  histological  criteria.  Further, 
the  effects  of  low-level  Irradiation  appear  selective  depending 
upon  the  wavelength  of  the  exposing  source.  With  Krypton  Irradia¬ 
tion,  the  maximum  transient  deficits  In  acuity  occurred  for  targets 
on  long  wavelength  backgrounds  and  no  permanent  alterations  were 
noted  for  achromatic  acuity  following  Irradiation  levels  which 
significantly  depressed  the  entire  chromatic  acuity  function.  With 
Argon  Irradiation,  the  threshold  for  permanent  functional  altera¬ 
tions  In  chromatic  acuity  was  lower  than  for  either  HeNe  or  Krypton 
exposures  but  no  significant  differences  were  found  between  thres¬ 
holds  when  achromatic  and  chromatic  targets  were  used.  Both  acuity 
functions  were  somewhat  uniformly  depressed  for  at  least  five  days 
before  recovery  gradually  occurred.  After  approximately  two  months 
the  subject's  postexposure  acuity  had  returned  to  Its  pre-exposure 


level  for  all  targets  except  those  In  the  short  wavelength  region 
of  the  visible  spectrum  where  a  significant  deficit  still  re¬ 
mained.  These  data  suggest  that  specific  spectral  lines  of  coher¬ 
ent  light  at  low  levels  selectively  alter  specific  foveal  cone 
processes  and  the  use  of  chromatic  acuity  best  delineates  this 
effect. 

In  all  of  our  studies,  the  transition  from  temporary  to  per¬ 
manent  losses  In  visual  acuity  occurred  after  a  succession  of  ex¬ 
posures  at  the  same  cornea  Irradlances  and  not  after  the  first 
exposure  at  any  particular  exposure  level.  This  phenomenon  oc¬ 
curred  in  spite  of  the  fact  that  we  waited  a  minimum  of  24  hours 
between  repeated  exposures  and  longer  If  the  subject  had  not  fully 
recovered  within  the  original  2  hour  test  session.  Such  an  ef¬ 
fect  is  strongly  suggestive  of  some  cumulative  process  occurring 
In  the  eye  to  repeated  exposures.  A  similar  result  was  shown  when 
animals  were  exposed  to  dally  low-level,  diffuse  Argon  Irradiation, 
using  a  different  paradigm  (Zwlck,  Bedell,  and  Bloom,  1974). 

These  results  are  more  closely  analogous  to  reported  temporary  and 
permanent  threshold  shifts  In  audition  than  those  reported  for  the 
visual  system.  No  distinct  long-term  chemical  process  has  yet  been 
Implicated  within  the  eye  In  which  changes  of  this  nature  could 
occur  although  other  equally  acceptable  explanations  could  Include 
changes  In  receptor  or  neural  electro-chemical  activity  or  struc¬ 
tural  changes  either  In  the  receptor  cell,  pigment  epithelial  cell 
or  other  accessory  structures  associated  with  light  reception  and 
transmission. 

Several  important  conclusions  can  be  drawn  from  our  studies 
thus  far  which  need  further  examination  and  delineation  In  the 
future  contract  periods.  First,  the  effects  of  Intense,  single- 
pulsed,  laser  Irradiation  appears  cumulative.  In  all  our  experi¬ 
ments,  regardless  of  the  exposure  wavelength  or  the  type  of  back¬ 
ground  target  used  to  assess  visual  acuity,  a  permanent  deficit 
In  visual  acuity  was  found  not  after  the  first  exposure  at  a  new 
power  level  but  after  multiple,  exposures  at  the  same  power  level 
spaced  a  minimum  of  24  hours  apart.  Second,  monochromatic  test 
targets  appear  to  be  a  more  sensitive  measure  of  postexposure 
acuity  than  achromatic  targets,  especially  for  longer-wavelength 
laser  exposures  (HeNe  and  Krypton).  Using  Argon  Irradiation  both 
achromatic  and  monochromatic  acuity  demonstrated  a  significant 
depression  following  relatively  low  level  (3.0  mW)  exposures  al¬ 
though  acuity  to  chromatic  targets  remained  depressed  longer  than 
acuity  to  achromatic  background  targets. 

Third,  the  power  level  where  a  permanent  functional  alteration 
was  found  appears  to  differ  si anlf Icantly  depending  upon  the  wave¬ 
length  of  the  exposing  source  (6.0  mW  for  Krypton  and  3.0  mW  for 
Argon).  Compounding  the  conclusion,  however,  Is  any  cumulative 
nature  of  the  damage  mechanism;  although,  with  both  exposing  lasers, 
animals  were  exposed  on  an  almost  Identical  dally  basis  to  power 
levels  of  Increasing  power  densities  on  the  cornea. 


These  experiments  raise  questlonsas  to  the  exact  nature  of 
the  damage  mechanism  of  acute  laser  Irradiation.  These  data  do,  how¬ 
ever,  begin  to  delineate  the  adverse  effects  of  laser  Irradiation 
on  Immediate  as  well  as  long  term  visual  performance.  No  experi¬ 
ment  or  series  of  experiments  can  Include  all  the  necessary  stim¬ 
ulus  parameters  to  cover  all  of  the  possible  situations  where 
disruptions  In  visual  performance  might  occur.  Rather  a  series 
of  key  stimulus  dimensions  are  being  used  to  depict  the  under¬ 
lying  neurological  and  morphological  mechanisms  which  alter  vis¬ 
ual  performance  and  could  disrupt  successful  completion  of 
visually-guided  missions.  It  Is  from  the  data  of  these  types  of 
experiments  that  we  propose  modifications  In  the  existing  safety 
standards  or  the  establishment  of  new  standards  where  none  now 
exist  as  In  the  case  of. chronic  exposures.  As  this  and  other  pro¬ 
jects  have  shown,  the  sole  use  of  a  fundoscopic  criteria,  or  for 
that  matter  any  other  single  criterion,  for  assessing  the  deleter¬ 
ious  effects  of  laser  Irradiation  Is  Inadequate  In  producing 
standards  which  will  adequately  protect  personnel  In  the  field. 

What  Is  needed  for  the  establ 1 shment  of  realistic  standards  Is 
the  correlation  of  data  from  many  different  approaches  each  with 
Its  own  unique  assessment  sensitivities  to  the  damage  process. 

It  Is  nevertheless  obvious  from  these  studies  that  more  Investi¬ 
gation  of  this  Important  envl ronmental  hazard  Is  necessary  and 
that  modifications  In  the  MPE  should  be  made. 
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